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WHAT IS CLAIMED IS: 

1. A data classification method of classifying a 
group of data into a plurality of sets in accordance with 
data values, comprising: 

dividing said group oi data into a first number of 
sets having no common elements; and 

calculating a first tonal degree of randomness 
which is a sum of degrees of randomness of said data 
values in said respective sets^ of said first number of 
sets, 

wherein data division toAaid first number of sets 
and calculation of said first t<\tal^ degree of randomness 
are repeated while a form of Idatfe division to said first 



number of sets is changed, an*; 

classified into data belonging 

1 

classification sets of said fi 

classification sets in which said ^irst total degree of 
randomness is minimized. 



to 



J^rst 



roup of data is 
the \respective 
lumber of 



2. The method according to claim 1, wherein data 
division to said first number of seta is performed for 
data to be classified in numerical orqler of data values. 



25 3. The method according to claim 1, wherein said 

calculating the sum of degrees of randomness in the 
respective sets of said first number of \sets comprises: 
estimating a probability distribution of data 



104 



values in each of said\sets on the basis of said data 
values of said data belonging to each of said sets; 

obtaining an entropy of each of said estimated 
probability distribution^ of data values; and 



weighting said entropy of each of said probability 
distributions in accordance with the number of data 
belonging to a corresponding one of said sets. 



4. The method according to claim 3, wherein said 
first probability distribution is a normal distribution. 



.1 degree of randomness 



5. The method according to claim 1, further 
comprising: f \\ 

dividing data belonging tb\ specific 
classification set in said f\i\st\ ^ rruWiber of classification 
sets into a second number of Vsjets haying no common 
elements; and 

calculating a second to1 
which is a sum of degrees of randomness of data values in 
the respective sets of said second \number of sets, 

wherein data division to saidlsecond number of sets 
and calculation of said second total\ degree of randomness 
are repeated while a form of data division to said second 
number of sets is changed, and said data belonging to 
said specific classification set are further classified 
into data belonging to the respective Classification sets 
of said second number of classification! sets in which 
said second total degree of randomness ils minimized. 
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6. The method according to claim 5, wherein data 
division to said second lumber of sets is performed for 
data to be classified in numerical order of data values. 



7. The method according to claim 5, wherein said 
calculating the sum of degrees of randomness in the 
respective sets of said seconp number of sets comprises: 

estimating a probability distribution of data 
values in each of the sets on "ohe basis of said data 
values of said data belonging t© each of said sets; 

obtaining an entropy of each of the estimated 
probability distributions of datalj^alues ; and 

weighting said entropy of ea\ch of said probability 



\ 



\ 



distributions in accordance with the nu: 
belonging to a corresponding on^ of\sa: 



Lber of data 
sets . 



8 . The method according t<^ \claUm 7 
first probability distribution is\$a nc 



herein said 
irmal distribution . 



9. A data classification apparatus for classifying 
a group of data into a plurality of sets\ in accordance 
with data values, comprising: 

a first data dividing unit which divides said group 
of data into a first number of sets having\no common 
elements; and 

a first degree-of-randomness calculation unit which 
calculates degrees of randomness of data valdes in the 
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respective sets divided by said first data dividing unit, 

and calculates a sum of the degrees of randomness; and 

a first classification unit which classifies said 

group of data into said 'data belonging to the respective 

classification sets of said first number of 

classification sets in which said sum of degrees of 

randomness calculated by said first degree-of -randomness 

calculation unit is minimum; out of forms of data division 

\ 

by said first data dividing \unit . 



\ 

10. The apparatus according to claim 9, further 



comprising : 



a second data dividing ;tfn3rtx which divides data 

A \ 

sificati 



belonging to a specific clas 
number of classification set 



sets having no common elements 



on set in the first 
s \n\to ^ second number of 
d 



a second degree 



-of -ranaorr 

\ 



which calculates degrees of randomness of data values in 
the respective sets divided by^; 



ness calculation unit 



^said second data dividing 
unit and calculates a sum of the degrees of randomness; 
and 

a second classification unit wh\i_ch classifies said 
data of said specific classification set into said data 
belonging to the respective classification sets of said 
second number of classification sets in\ which said sum of 
degrees of randomness calculated by said second 
degree-of-randomness calculation unit is\minimum out of 
forms of data division by said second data dividing unit. 
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11. A signal processing method of processing a 
measurement signal obtained by measuring an object, 
comprising : 

extracting signal levfels at a plurality of feature 
points obtained from said measurement signal; and 

setting said extracted \signal levels as 
classification object data and classifying said signal 
levels at said group of feature points into a plurality 
of sets by using the data classification method according 
to claim 1 

12. The method according to \laim 11, wherein said 
feature point is at least one of/^aXT^cal maximum point 
and a local minimum point of sa'id irfleasi^rement signal. 

13. The method according -&> claim 11\ wherein said 
feature point is a point of infi^ctiolp of ^aid 
measurement signal . 



14. A signal processing apparatus for processing a 
measurement signal obtained by measuring\an object, 
comprising : 

a measurement unit which measures sa\Ld object and 
acquires a measurement signal; 

an extraction unit which extracts sigAal levels at 
a plurality of feature points obtained from \>aid 
measurement signal; and 
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the data classification apparatus according to 
claim 9, which sets said extracted signal levels as 
classification object Viat; 
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15. A position detection method of detecting a 

\ 

position of a mark formed on an object, comprising: 

acquiring an image pick-up signal by picking up an 

image of said mark; 

processing said imag4 pick-up signal as a 

measurement signal by said ^ignal processing method 

according to claim 11; and 

calculating said position of said mark on the basis 

of a signal processing result \obtained in said signal 

processing . 

16. The method according ta claim 15, wherein 
in data classification \in saiA signal processing, 



the number of data which sho\ 
classification set after said 



iata 



long to each 
classification is 



known in advance, and ^ 

in said position calculation, Vthe number of data 
which should belong to each classification set is 
compared with the number of data in each of said 
classification sets classified in saicA signal processing 
to evaluate validity of the classification in said signal 
processing, and said position is calculated on the basis 
of said data belonging to said classification set 
evaluated to be valid. 



109 



17. A position detection apparatus for detecting a 
position of a mark formed on an object, comprising: 

an image pick-up unit which acquires an image pick- 
up signal by picking up lan image of said mark; 

the signal processing apparatus according to claim 
14, which performs signal! processing for said image pick- 
up signal as a measurement! signal; and 

a position calculation unit which calculates said 
position of said mark on the basis of a signal processing 
result obtained by said signal processing apparatus. 



18. An exposure method o\f transferring a 
predetermined pattern ontc/ a divided area on a substrate, 
comprising: I 

detecting a position\9f a\ position detection mark 
formed on said substrate by^VheJvpbsi^ion detection method 
according to claim 15, obtain\ing\a predetermined number 
of parameters associated witMa position of said divided 
area, and calculating arrangement Unformat ion of said 
divided area on said substrate; an\ 

transferring said pattern ontlo said divided area 
while performing position control om said substrate on 
the basis of said arrangement information of said divided 
area obtained in said arrangement calculation. 



19. An exposure apparatus for tral 
predetermined pattern onto a divided a 



sferring a 

ea on a substrate, 
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comprising : 

a substrate stage on which said substrate is 
mounted; and 

the position detection apparatus according to claim 
17, which detects a posi\tion of said mark on said 
substrate . 



20. A data classification method of classifying a 
group of data into a plurality of sets in accordance with 
data values, comprising: 

classifying said group of data into a first number 
of sets in accordance with saurd data values; and 

dividing said group /of da\ta\again into a second 
number of sets which is smaller \than\said first number on 
the basis of a characteristic of \each c^f said first 
number of sets divided in da^\a cJr^ssif icXtion into said 
first number of sets. \ 



21. The method according to claVm 20, wherein data 
classification into said second numbetr of sets comprises: 

specifying a first set, of said \f irst number of 
sets, which meets a predetermined condition; 

estimating a first boundary candidate for dividing 
said group of data excluding data included in said first 
set by using a predetermined estimation technique; 

estimating a second boundary candidate for dividing 
a data group, of said group of data, which Vis divided by 
said first boundary candidate and includes said first set 
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by using said predetermined estimation technique; and 

dividing said groups of data into said second number 
of sets on the basis of sAid second boundary candidate. 
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22. The method according to claim 21, wherein said 
predetermined estimation technique comprises: 

calculating a degree of randomness of data values 
in each set divided by said boundary candidate, and 
calculating a sum of said degrees of randomness; and 

performing said degree-of -randomness calculation 
while changing a form of data division with said boundary 
candidate, and extracting a boundary candidate with which 
said sum of degrees of randomness obtained in said 
degree-of-randomness calculation \Ls\minimized . 



23. The method according to c 
predetermined estimation techin\ 

v 

)llltV \ 



laimj^l, wherein said 
omprises : 
strifc>ution in each set of 



obtaining a probability p 
said data group; and 

extracting said boundary d^ndid^te on the basis of 
a point of intersection of said probability distributions 
of the respective sets. 



24. The method according to claim 2 \L , wherein said 
25 predetermined estimation technique comprises: 

calculating an inter-class variancelas a variance 
between sets divided by said boundary candidate; and 

performing said intra-class variance icalculation 



while changing a form of data division with said boundary 
candidate, and extracting W boundary candidate with which 
the inter-class variance obtained in said inter-class 
variance calculation is maximized. 

25. The method according to claim 21, wherein said 
predetermined condition is a condition that data 
exhibiting a value substantially equal to a predetermined 
value is extracted from said grpup of data. 



26. The method according to\ claim 25, wherein 
said group of data is image\ pick-up data of the 
respective pixels obtained by picking up different image 
patterns within a predetermine^i-^rm^ge pick-up field; and 

said predetermined value is itaage pick-up data of a 
pixel existing in an area correspona^ng\to an image pick- 
up area for a predetermined iri^ge pal 



27. The method according t©\claim\20, wherein said 
dividing data into said second number dlf sets comprises: 
extracting a predetermined number \of sets from the 
first number of sets on the basis of the\ number of data 
included in the respective sets of said ^.rst number of 
sets; 

calculating an average data value by\averaging data 
values respectively representing sets of sa\Ld 
predetermined number of sets; and 

dividing said group of data into said Second number 



of sets on the basis of saVLd average data value. 



28. The method according to claim 27, wherein in 
said average data value calculation, a weighted average 
of said data values is calculated by using a weight 
corresponding to at least one\ of the number of data of 
the respective sets of said predetermined number of sets 
and a probability distribution \of said predetermined 
number of sets. 



^8 . The method according 
first number is not less thaa 
number is two. 



.aim 20, wherein said 
,and said second 



!0\ wherein said 

>ective pixels 
patterns within a 
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2r9 . The method according 
group of data is luminance data\ 
obtained by picking up dif f erent\|mag^ 
predetermined image pick-up field. 

A data classification apparatus for classifying 
a group of data into a plurality of sets\ in accordance 
with data values, comprising: 

a first data dividing unit which divides said group 
of data into a first number of sets on the\basis of said 
data values; and 

a second data dividing unit which divi\des said 
group of data into a second number of sets smaller than 
said first number again on the basis of a characteristic 



of each of said first number of sets. 



3sL . The method according to claim 30, wherein said 
first number is not J^ess than three, and said second 
number is two. 



\ 

32 . An image processing method of processing image 
data obtained by picking\up an image in a predetermined 
image pick-up field, comprising: 

setting luminance data, as a group of data, which 
is obtained by picking up aVi image pattern of an object 



and an image pattern of a background which exist in said 
predetermined image pick-up f\ield; and 

identifying a boundary t\etween said object and saic 
background by classifying said \It^ninance data by using 
the data classification method ^ccdxding to claim 29 



32, whereiri said 
predetermined 



2M- 

3*3. The method accordirfqxtb blair 

I 

object includes a substrate ontjo v^tiich 
pattern is transferred. 

3*4. An image processing apparatus for processing 
image data obtained by picking up an image in a 
predetermined image pick-up field, wherein 

luminance data, which is obtained\by picking up an 
image pattern of an object and an image battern of a 
background which exist in said predetermined image pick- 
up field is set as a group of data, and 
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a boundary betwee^i said object and said background 
is identified by classifying said luminance data by using 
the data classification Apparatus according to claim 30 

3€ . An exposure method of transferring a 
predetermined pattern onto\a substrate, comprising: 

specifying an outer snape of said substrate by 
using the image processing niethod according to claim 33; 

controlling a rotational position of said substrate 
on the basis of said specified outer shape of said 
substrate ; 

detecting a mark formed oVi said substrate after 
said rotational position is controlled; and 

transferring said predetermined pattern onto said 
substrate while positioning said substrate on the basis 




of a mark detection result obtained in said mark 
detection , 

3*6. An exposure apparatus i|6r transferring a 
predetermined pattern onto a substrate, comprising: 

an outer shape specifying i^nit including the image 
processing apparatus according to claim 34, which 
specifies an outer shape of said substrate; 

a rotational position control unit which controls a 
rotational position of said substrate on\ the basis of 
said outer shape of said substrate which \is specified by 
said image processing apparatus; 

a mark detection unit which detects k mark formed 



on said substrate whose Rotational position is controlled 
by said rotational position control unit; and 

a positioning unit which positions said substrate 
on the basis of a mark detection result obtained by said 
mark position detection unit, 

wherein said predetermined pattern is transferred 
onto said substrate while said substrate is positioned by 
said positioning unit. 

3*7. A data classif ication\ method of classifying a 
group of data into a plurality \of sets in accordance with 
data values, comprising: 

estimating a first number !f»f boundary candidates 
for dividing said group of data i\nto a second number of 
sets on the basis of said data ^falu&vs; and 

extracting a third number 
which is smaller than said first ni 
divide said group of data into! 
smaller than said second numbej 
extraction condition, on the b^ 
of boundary candidates. 



jndary candidates 
and is used to 
^number of sets 
^redetermined 
said first number 



S8 . The method according to claim\37, wherein said 
predetermined extraction condition includes a condition 
that said third number of boundary candidates are 
extracted on the basis of a magnitude of\a data value 
indicated by each of said first number of\ boundary 
candidates . 
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3*9. The method according to claim 38, wherein said 
predetermined extraction condition includes a condition 
that a boundary candidate with which said data value is 
maximized is extracted. 



4*0. The method according to claim 37, wherein 

said group of data are arranged at positions in a 
predetermined direction, and\ 

said predetermined extraction condition includes a 
condition that said fourth number of boundary candidates 
are extracted on the basis oj&^c^e respective positions of 
said first number of boundary c^nchj_dates , 

00- 



*i . The method according \tc 

\ 

said group of data arey 



37, wherein 
fentoN^l data obtained 
by differentiating image pickVup da\:a of\ the respective 



v 



fferent image patterns in 



pixels obtained by picking up di: 

a predetermined image pick-up f^eld iVi accordance with 
positions of said pixels, 

said data value is a differential value of said 
image pick-up data, and 

said boundary candidate is a position of said pixel, 

The method according to claim 37,\wherein said 
first number is not less than two, and said\third number 
is one. 
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4"^. The method according to claim 37, wherein said 
group of data are luminance data of the respective pixels 
obtained by picking up (different image patterns in a 
predetermined image pic)^-up field. 

4*4. A data classification apparatus for classifying 
a group of data into a plurality of sets in accordance 
with data values, comprising: 

a first data dividing! unit which estimates a first 
number of boundary candidates for dividing said group of 
data into a second number of \ sets on the basis of said 
data values; and 

a second data dividing \\ni? 

es 



number of boundary Candida t 
first number and is used to 
into a fourth number of sets ^m 
number, under a predetermine^ 
the basis of said first numb e\j 



/hie 



which extracts a third 
h is smaller than said 
_de said group of data 
han said second 
ractioV condition, on 
ofl boundary candidates. 

q tp claim 44, wherein 



4*5.. The apparatus accordii 

said group of data are differential data obtained 
by differentiating image pick-up data of the respective 
pixels obtained by picking up different image patterns in 
a predetermined image pick-up field J^n accordance with 
positions of said pixels, 

said data value is a dif f erentiaU value of said 
image pick-up data, and 

said boundary candidate is a position of said pixel, 
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4*&. The apparatus according to claim 44, wherein 
said first number is not y_ess than two, and said third 
number is one. 

t/V 

. An image processing method of processing image 
data obtained by picking up\ an image in a predetermined 
image pick-up field, comprising: 

setting luminance data! as a group of data, which 
is obtained by picking up an limage pattern of an object 
and an image pattern of a background which exist in the 
predetermined image pick-up field; and 

identifying a boundary— fc>4 tween said object and said 
background by classifying paifd ^.Vminance data by using 

>rding to claim 37 . 



the data classification method 

\ \ 

4*^. An image processing 
image data obtained by picking 



i: 



p5^ratus\ for processing 
uplan image in a 
eld,\ wherein 



predetermined image pick-up fie 

luminance data which is obtained by picking up an 
image pattern of an object and an image pattern of a 
background which exist in said predetermined image pick- 
up field is set as a group of data, and 

a boundary between said object land said background 
is identified by classifying said luminance data by using 
the data classification apparatus according to claim 44 

4"$. An exposure method of transferring a 
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predetermined pattern onto a substrate, comprising: 
specifying an outer tehape of said substrate by 

using the image processing \method according to claim 47; 

controlling a rotational position of said substrate 

on the basis of said specified outer shape of said 

substrate; 

detecting a mark formed on said substrate after 
said rotational position is controlled; and 

transferring said predetermined pattern onto said 
substrate while positioning said substrate on the basis 
of a mark detection result obta\ined in said mark 
detection . 
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90. An exposure apparatus 
predetermined pattern ontcil a substrat 

an outer shape specifying u 
processing apparatus accord^ 



transferring a 
, comprising: 
xhcluding the image 
to fclaim\48, which 



specifies an outer shape of said substrate; 

a rotational position clntrollunit which controls a 
rotational position of said substratie on the basis of 
said outer shape of said substrate wfoich is specified by 
said image processing apparatus; 

a mark detection unit which detects a mark formed 
on said substrate whose rotational position is controlled 
by said rotational position control unit; and 

a positioning unit which positions said substrate 
on the basis of a mark detection result lobtained by said 
mark position detection unit, 
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wherein said predetermined pattern is transferred 
onto said substrate while said substrate is positioned by 
said positioning unit, 



. A recording medium on which a position detection 
control program executed By a position detection 
apparatus for detecting a Position of a mark formed on an 
object is recorded, wherein 

said position detection control program comprises : 
allowing an image of saVd mark to be picked up and 
allowing an image pick-up signal to be acquired; 

a signal processing control program using said 
image pick-up signal as a m^a^uiement signal, comprising 

allowing signal levels a1 
points obtained from saidl measure* 



>lurality of feature 
ient\ signal to be 



copOTol prcog 
[roup a>£ clasl 



ram using said 
if ication 



extracted; and 

said data classificat 1 
extracted signal levels as a 
object data, comprising 

allowing said group of d^a to Ipe divided into a 
first number of sets having no common \elements; 

allowing a first total degree of Vrandomness which 
is a sum of degrees of randomness of daia values in the 
respective sets of said first number of ?ets to be 
calculated; and 

allowing said group of data to be diWided into data 
belonging to the respective classification \sets of said 
first number of classification sets in whicm said first 
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total degree of randomness is minimized, by repeating 
data division to said first number and calculation of 
said first total degree of randomness while changing a 
mode of data division to \said first number of sets; and 
allowing a positioniof said mark to be calculated 
on the basis of a processing result on said image pick-up 
signal . 

^2. The medium accordirig to claim 51, wherein 

in said data classifying, the number of data which 
should belong to each classimcat ion set after said data 
classification is known in advance, and 

the number of data which! should belong to each 
classification set is compared \with the number of data in 
each of said classified classification sets to evaluate 
validity of said data classifying, \and said position is 
calculated on the basis of tisjata feelofioing to said 
classification set evaluated \t< 
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which an image processing 
image processing apparatus 



A recording medium o 
control program executed by an 
for processing image data obtained foy picking up an image 
in a predetermined image pick-up fie\ld is recorded, 
wherein 

said image processing control program comprises: 
allowing luminance data, which i\s obtained by 
picking up an image pattern of an object and an image 
pattern of a background which exist in tsaid predetermined 
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image pick-up field, tome set as a group* of data; 

a data classification control program which allows 
said luminance data to be classified, comprising: 

allowing said group \of data to be divided into a 
first number of sets on th^ basis of said data values; 
and 

allowing said group ofi data to be divided into a 
second number of sets smaller than said first number 
again on the basis of feature^ of the respective first 
number of sets; and 

allowing a boundary between said object and said 
background to be identified. 



5*. A recording medium pn 
control program executed byt an im^g 
for processing image data obtained b 



in a predetermined image pick^-up f 
wherein 



ch an image processing 
processing apparatus 
picking up an image 
is recorded, 



said image processing coVvc 

v 

_ WTl] 

ittern of 



ol VprogrHm comprises: 
allowing luminance data which \s obtained by 
picking up an image pattern of objtect and an image 
pattern of a background which exist in said predetermined 
image pick-up field to be set as a groflap of data; 

a data classification control program which allows 
said luminance data to be classified, comprising 

allowing a first number of boundarV candidates for 
dividing said group of data into a second! number of sets 
to be estimated on the basis of said data lvalues; 
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allowing a third number of boundary candidates 
which is smaller than\ said first number and is used to 
divide said group of data into a fourth number of sets 
smaller than said secoAd number, under a predetermined 
extraction condition, tb be extracted on the basis of 
said first number of boundary candidates; and 

allowing a boundary* between said object and said 
background to be identified. 



(Sir- 

5*5. A device manuf^ 



icturii 



method including a 

y us\ng the exposure method 
ithography process . 



,d\l 



lithography process, where\ 
exposure is performec 
according to claim 18 in s) 

5*6. A device manufacturing method including a 
lithography process, wherein 

exposure is performed by u&ing the exposure method 
according to claim 35 in said lithography process. 

5*3 . A device manufacturing method including a 
lithography process, wherein 

exposure is performed by using the exposure method 
according to claim 49 in said lithography process. 



